No depression screening tool is validated for use in cases of cerebral glioma. To address this, we studied the operating characteristics of the Hospital Anxiety and Depression Scale (Depression subscale) (HAD-D), the Patient Health Questionnaire-9 (PHQ-9), and the Distress Thermometer (DT) in glioma patients.We conducted a twin-center prospective observational cohort study of major depressive disorder (MDD), according to the Diagnostic and Statistical Manual, 4th edition, in adults with a new diagnosis of cerebral glioma receiving active management or "watchful waiting." At each of 3 interviews over a 6-month period, patients completed the screening questionnaires and received a structured clinical interview to diagnose MDD. Internal consistency, area under the receiver operating characteristics curve (AUC), sensitivity, specificity, positive predictive value, and positive likelihood ratio were calculated. A maximum of 154 patients completed the DT, 133 completed the HAD-D, and 129 completed the PHQ-9. The HAD-D and PHQ-9 showed good internal consistency (a ≥ 0.77 at all timepoints). Median AUCs were 0.931 + + + + + 0.074 for the HAD-D and 0.915 + + + + + 0.055 for the PHQ-9. The optimal threshold was 71 for the HAD-D, but 81 had similar operating characteristics. There was no consistently optimal PHQ-9 threshold, but 101 was optimal in the largest sample. The DT was inferior to the multi-item instruments. Clinicians can screen for depression in wellfunctioning glioma patients using the HAD-D at the existing recommended lower threshold of 81, or the PHQ-9 at a threshold of 101. Due to a modest positive predictive value of either instrument, patients scoring above these thresholds need a clinical assessment to diagnose or exclude depression.
C
linical depression can be difficult to diagnose in patients with cancer and may often pass unrecognized. 1, 2 It is known that the identification of depression can be improved by screening cancer patients with self-report questionnaires. 3, 4 Indeed, the practice of screening for depression is supported by national and international health, cancer, and palliative care organizations. 5 -7 Several depression screening tools have been validated in cancer patients. 8 -11 No depression screening instrument is validated for use specifically in patients with cerebral glioma, however. This is potentially important, first because the operating characteristics of screening measures depend partly on the sample in which they were validated, 12 and second because glioma patients are qualitatively different from other cancer patients. They have an infiltrative tumor, undergo destructive surgery, and often receive radiotherapy to the organ primarily implicated in depression. 13 -15 Fatigue and cognitive dysfunction are additional possible sources of measurement error that could reduce the validity of patient self-report. The results of studies validating depression rating scales in cancer patients may not therefore generalize reliably to patients with glioma.
We aimed to conduct the first study of the validity of 3 popular patient-reported psychological rating scales in adults with glioma. We studied (i) their internal consistency and (ii) their operating characteristics compared with a structured clinical interview for major depressive disorder (MDD) as defined in the Diagnostic and Statistical Manual of Mental Disorders, fourth edition (DSM-IV).
Methods
This study was part of a larger, twin-center, prospective cohort study of clinical depression in glioma patients. The setting was 2 tertiary neuro-oncology centers in Edinburgh and Glasgow (UK), together covering 80% of the Scottish population. Full methodological details and outcomes relating to the frequency, independent clinical associations, and longitudinal course of depression have been published. 16 Patients were eligible if they were aged ≥18 years, had a new histological diagnosis of cerebral glioma, and were fit to receive active therapy. Patients were ineligible if referred to palliative care at the point of diagnosis or if in the clinical opinion of the senior treating physician they were physically or cognitively unable to complete questionnaires. All consecutively presenting glioma patients were identified in both centers.
Participants were interviewed 3 times: during primary radiotherapy (in this sample, a median of 56 days postprimary surgery, defined as T1), then 3 months and 6 months after T1 (T2 and T3, respectively).
Variables
Demographic and treatment variables were recorded from clinical notes and are described elsewhere. 16 For this analysis, specific predictor variables were the 3 self-report screening measures: the National Comprehensive Cancer Network's Distress Thermometer (DT) 17 ; the Depression subscale of the Hospital Anxiety and Depression Scale (HAD-D) 18 ; and the Patient Health Questionnaire-9 (PHQ-9). 19 All are free for general clinical use. Patients completed screening instruments at all 3 interviews. Scales were generally given in the order of DT, HAD-D, and PHQ-9. The DT was administered from the beginning of study recruitment. The HAD-D and PHQ-9 were added after the original protocol, which included a 20-min semistructured interview and a 10-min cognitive screen, and were found to be well tolerated by the first 20 participants. This was an a priori planned phased introduction of questionnaires, designed to ensure that patient fatigue would not compromise the entire study.
The DT is a single-item 11-point Likert scale constructed to look like a thermometer. Scores range from 0 ¼ no distress to 10 ¼ extreme distress.
The HAD-D is a 7-item depression screening questionnaire designed for use in medical populations. Each item is rated 0-3 with a maximum score of 21.
Higher scores indicate greater severity of depressive symptoms over the preceding week. In general use there is a choice of 2 recommended thresholds: 8+ (for greater sensitivity) and 11+ (for greater specificity).
The PHQ-9 is a 9-item questionnaire consisting of the symptoms of MDD as currently defined by the American Psychiatric Association. 20 Each item is scored from 0 ¼ "not at all" to 3 ¼ "nearly every day," with a maximum score of 27. In the original validation study, which was conducted in a population of primary care outpatients, the optimal threshold was 10+.
The outcome variable was MDD. At each interview, each patient received a face-to-face Structured Clinical Interview for DSM-IV (SCID) to diagnose MDD. 21 The interviewer (A.G.R.) was a psychiatric trainee under the supervision of a consultant neuropsychiatrist (A.C.). Symptoms were counted if present-ie, no causal attributions were made. If depression was diagnosed, the patient's general practitioner and treating clinical team were informed and asked to treat the patient as they normally would. At the end of the study, patients were returned to the care of their treating team and general practitioner.
Statistical Analyses
The internal consistency of the HAD-D and PHQ-9 was examined using Cronbach's alpha. 22 Our a priori threshold of acceptable reliability was a ≥ 0.60. Item-total correlations were calculated for both scales, taking an a priori threshold of 0.40 as acceptable. For items with a low correlation, we judged pragmatically whether their removal would be likely to affect internal reliability to a clinically significant degree. Internal consistency and item-total correlations could not be examined for the single-item DT.
For each scale, the operating characteristics (sensitivity, specificity, positive predictive value [PPV] , and positive likelihood ratio [LR + ]) were studied at each timepoint using analysis of a receiver operating characteristic (ROC) curve and classification tables. The area under the curve (AUC) was calculated to quantify the ability of each scale to discriminate between patients with and without MDD. Optimal thresholds were selected according to the best balance of operating characteristics. To estimate the likelihood that the screening measures might miss depressed patients, we also calculated the proportion of those with MDD who scored a "floor" value on each scale (defined pragmatically as a total scale score of 0, 1, or 2).
SCIDs were audio-recorded. A random sample of 10% of interviews were rescored by a consultant neuropsychiatrist (A.C.) blinded to the study diagnosis. Interrater reliability of diagnoses was calculated using Cohen's kappa.
The same researcher administered the screening questionnaires and SCIDs, initially in that order. A small number of patients with motor problems needed assistance to complete the scales, so this process could potentially have biased the SCID outcomes. To address this methodological concern, halfway through recruitment the order of interventions was reversed so that SCIDs were given first. In a post-hoc analysis, we then estimated the likelihood of expectation bias. The sample was split in two around the midpoint number of patients recruited. A chi-square analysis was performed to compare the frequency of MDD diagnoses in the first half with that in the second half (when, with the SCIDs now being fully scored before the questionnaires, expectation bias in the primary outcome was reduced).
For reasons of power, we did not attempt to measure the sensitivity to change or test-retest reliability of the instruments.
The study was prospectively approved by the Scotland Multi-Centre Research Ethics Committee (ref 07/MRE00/55) and the local National Health Service Research and Development boards in both centers.
Results

Participants and Questionnaire Completion
Baseline clinical and demographic characteristics of participants in the parent study are presented in Table 1 . The sample was broadly representative of reasonably well-functioning, newly diagnosed glioma patients.
Of 155 patients participating at T1, 154 completed the DT, 133 completed the HAD-D, and 129 completed the PHQ-9. At T2, 108 patients remained in the study, with screening questionnaire completion at 103 (DT), 91 (HAD-D), and 87 (PHQ-9). At T3, 88 patients were followed up, with questionnaire completion at 83 (DT), 80 (HAD-D), and 77 (PHQ-9). The most frequent reason for study dropout was clinical deterioration or death.
Prevalence of MDD in the Sample
At T1, 21/155 patients (13.5 + 5.4%) had MDD; at T2 and T3 the respective frequencies were 16/108 (14.8 + 6.7%) and 6/88 (6.8 + 5.3%). Across all 3 timepoints a total of 32/155 individuals were diagnosed with MDD (20.6 + 6.4%). Interrater reliability of MDD diagnosis was good (k ¼ 0.81, 95% confidence interval ¼ 0.60 -1.00).
HAD-D and PHQ-9 Internal Consistency/Item-Total Correlations in Glioma
For the HAD-D, across all 3 timepoints, internal consistency was good (median a ¼ .82). Item-total correlations for individual scale items were acceptable (r ¼ 0.42 -0.70 throughout). The HAD-D item "I feel as if I am slowed down" correlated relatively poorly with total score.
For the PHQ-9, internal consistency was good (median a ¼ 0.85) and item-total correlations mostly acceptable (r ¼ 0.31 -0.74 throughout). The PHQ-9 item inquiring about "Thoughts that you would be better off dead or of hurting yourself in some way" correlated least well with total score at all 3 timepoints.
All scales showed significant floor effects. At T1, these were greatest for the DT, with 81/155 (52.3%) reporting a score of 0, 1, or 2. The proportion for the HAD-D total scale score was 61/133 (45.8%). The PHQ-9 includes somatic items and its floor effects were correspondingly lower (31/129; 24.0%).
The internal consistency and item-total correlations for the HAD-D and PHQ-9 at all 3 timepoints are shown in Table 2 .
Operating Characteristics of the 3 Instruments in Glioma
For the DT, AUC was 0.88 + 0.09 at T1, 0.90 + 0.06 at T2, and 0.78 + 0.20 at T3. Overall, the optimal threshold was 5+. Throughout the study, 3/32 patients with MDD reported a floor value of distress.
For the HAD-D, AUC was 0.93 + 0.07 at T1, 0.98 + 0.02 at T2, and 0.89 + 0.10 at T3. Overall, the optimal threshold was 7+. However, the more traditional threshold of 8+ had similar specificity and predictive value across the study timepoints. One patient with MDD scored a floor value on the HAD-D.
For the PHQ-9, AUC was 0.92 + 0.06 at T1, 0.94 + 0.05 at T2, and 0.89 + 0.11 at T3. No clearly optimal threshold was identified across the timepoints surveyed. In the largest sample (T1), providing the strongest data, the optimal threshold was 10+. No patient with MDD scored a PHQ-9 floor value at any timepoint.
Sensitivity, specificity, PPV, and LR + at each sampling timepoint on the 3 scales are presented in Table 3 . PPV was generally poorer at T3, possibly because of the reduced frequency of MDD at this timepoint. ROC curves comparing the 3 instruments at T1 are presented in Fig. 1 .
Likelihood of Expectation Bias
After excluding MDD outcome data for the first 20 patients recruited (who did not receive the HAD-D or PHQ-9), 12/58 patients were diagnosed with MDD in the first half of the sample. Following reversal of the order of interventions, 14/78 patients were diagnosed with MDD (Pearson's x 2 ¼ 0.16, P ¼ .689), suggesting no statistical evidence of expectation bias.
Discussion
Main Findings
To our knowledge this is the first examination of the validity of depression screening instruments in patients with glioma. Clinicians can use either the HAD-D or the PHQ-9 to screen for MDD in well-functioning, recently diagnosed glioma patients. Both instruments showed good internal reliability and discriminated well between patients with and without MDD. In our sample, the HAD-D displayed slightly superior and more consistent operating characteristics, including a higher PPV. The single-item DT showed inferior operating characteristics compared with the 2 multi-item questionnaires.
Limitations
An important limitation of this study was the potential for expectation bias. 23 This phenomenon could explain some of the apparent discriminatory power of the HAD-D and PHQ-9. The same researcher administered the SCIDs and screening questionnaires, when the criterion standard should ideally be independently rated. There was no statistical evidence of expectation bias, however. Additionally and perhaps more revealingly, the PHQ-9 (which lists the symptoms of MDD) performed less well than the HAD-D. These observations militate against but do not exclude the possibility of bias, and results should be interpreted cautiously.
Another limitation arises from the theoretical difficulties of confidently diagnosing depression shortly after the diagnosis of glioma. We did not make alternative diagnoses of adjustment disorder or minor depressive disorder. By interviewing patients after the start of radiotherapy, however, we exceeded the 1-month period postoperatively that is recommended to elapse before diagnosing depression in cancer patients, 24 and interrater reliability of MDD diagnoses was good. Other limitations include the lack of power to explore test-retest reliability and the potential for somatic confounding by the influence of poor concentration or fatigue on questionnaire responses. Although baseline mean Mini-Mental State Examination score was 28 with little sample variability, there is the additional possibility of measurement error arising from nonspecific cognitive effects of glioma, chemoradiotherapy, antiepileptic drugs, and/or corticosteroids, particularly at later timepoints. In line with our recruitment and sampling strategy, we suggest that findings would generalize most readily to clinically cognitively intact glioma patients in the period during and shortly after primary treatment.
Results in Context of Other Literature
Both the HAD-D and the PHQ-9 showed good internal consistency. Cronbach's alpha remained above both our a priori threshold and the more conservative threshold of 0.70 recommended by others. 25 Data are consistent with studies, conducted in varied populations, reporting internal reliabilities of 0.67 -0.90 for the HAD-D 26, 27 and 0.83 -0.89 for the PHQ-9. 28 -30 Despite theoretical concerns relating to the impact of brain cancer, these 2 screening scales were as internally consistent in adults with glioma as in other populations.
We observed, however, that the HAD-D item "I feel as if I am slowed down" performed less well in this population. Our impression was that some glioma patients endorsed this statement even when euthymic. This particular item has shown poor specificity for clinical depression in patients receiving palliative care 31 and in the context of recent myocardial infarction or stroke. 32 We hypothesize that subjective psychomotor slowing, as a consequence of glioma or its treatment and unrelated to depression, may introduce a degree of somatic confounding to the HAD-D via this item. Future studies could explore its validity in greater detail. Psychometrically the best HAD-D threshold was 7+. Cancer patients may require lower thresholds still than the usual lower threshold of 8+. 8 We suggest a cautious interpretation given study limitations. Considering operating characteristics as a whole, the "tipping point" appeared to lie between scores of 6 and 9 on the HAD-D. We suggest that there is currently no good evidence to reject the lower HAD-D threshold (8+) as unsuitable in glioma patients. This threshold is familiar to clinicians and consistent with most research in cancer patients. 26 Clinicians can reasonably use the HAD-D threshold of 8+ to screen for MDD in glioma.
Head-to-head studies of the HAD-D and PHQ-9 may examine their utility as straightforward case-finding instruments or compare their ability to discriminate between different levels of depression severity. One group (including the authors of the PHQ-9) reported superiority of the PHQ-9 as a case-finding instrument in German medical outpatients. 29 Others have confirmed that both instruments show reliability, convergent/discriminant validity, and a robust factor structure but have not reported sensitivity and specificity. 28 In terms of rating depression severity, there is a small but consistent literature 31 -33 suggesting that the PHQ-9 tends to overestimate and the HAD-D to underestimate severity. The scales may not therefore measure the same aspects of depression. 31 In our sample, the HAD-D was a marginally better and more consistent case-finding instrument than the T1, T2, T3 are first, second, and third sampling timepoints, respectively. LR + ¼ likelihood ratio of the probability of screening positive when MDD is present to the probability of screening positive when MDD is absent. Patients received a Structured Clinical Interview for DSM-IV depression at each timepoint. Boxed figures indicate the best balance of operating characteristics at each timepoint.
c No patient scored a total of 9 on this scale at this timepoint. d T1 n ¼ 129, T2 n ¼ 87, T3 n ¼ 77. PHQ-9. We expected the reverse because the symptoms surveyed in the PHQ-9 are identical to the syndrome of MDD. One possible reason for this result, and for its noted tendency to overestimate depressive symptom severity, is the greater likelihood of criterion confounding in the PHQ-9, which includes physical symptoms relevant to glioma, such as fatigue and appetite and sleep disturbance. By contrast, the HAD-D was designed to minimize somatic confounding even if, as we and others 34 -36 have noted, an element of confounding may remain. Another possibility is that some glioma patients may find the PHQ-9 confusing. Reasonable executive function is necessary to navigate the response grid. The first item is a potential double negative ('No loss of interest,' paraphrasing), which some patients struggled to comprehend. The typesetting of the official version 37 also enables visually or cognitively impaired patients to accidentally record a response on the wrong line. These issues are mostly a matter of formatting and could be adapted to the needs of glioma patients.
The DT performed less well in most respects, consistent with the conclusions of a well-conducted review of single-item screening instruments for depression in cancer patients. 38 One explanation is that the DT may identify anxiety to a greater extent than it identifies depression. 39 
Conclusions
We describe an initial validation of several depression screening instruments for use in adults with glioma.
Clinicians can screen for depression in well-functioning glioma patients using the HAD-D, using the existing lower threshold of 8+, or the PHQ-9 with a threshold of 10+. The DT was inferior to the multi-item scales. Although convenient to administer, neither the HAD-D nor PHQ-9 showed sufficiently high PPV to enable clinicians to identify depression in glioma confidently through screening alone. Patients scoring high would require more detailed clinical assessment to diagnose MDD. Future research aimed at validating these scales more fully in glioma patients could examine test-retest reliability, discriminant validity, and factor structure.
